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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the photoelectric cell using the 
photoelectrochemical reaction. Especially this invention relates to the photoelectric cell with which the 
film of the porous transparent titanium oxide (generally called a "titania") which has the detailed 
opening (it is called "pore" on this application specifications) controlled by submicron order constitutes 
a part of cathode electrode. 
[0002] 

[Description of the Prior Art] From the rise of the environmental protection in recent years of preventing 
the global warming by the carbon dioxide, using non-fossil energy effectively attracts attention. 
Especially sunlight is positioned as one of the leading non-fossil energy. Since the energy of such 
sunlight is used effectively, it usually needs to be changed into the comparatively easy electrical energy 
of control. The so-called solar battery of silicon is developed as a device which changes sunlight into 
electrical energy. Moreover, the photoelectric cell which is one side, for example, is indicated by a U.S. 
Pat. No. 5,350,664 specification and Nature (737 or Vol.353 and P. 1991) also attracts attention from a 
viewpoint of economical efficiency recently. This photoelectric cell uses a photoelectrochemical 
reaction and work of the absorption of light and the flow of a charge have become a series. 
[0003] Generally, the film of the anatase type titanium oxide o f colloid is used for the photoelectric cell 
as a material which constitutes a cathode electrode. The cathode electrode has the structure where the 
film 15 of titanium oxide was formed through the transparent electric conduction film 2 on the substrate 
1 so that I may be understood from drawin g 1 which shows the example of a type in a cross section. 
Generally, the film 15 of the titanium oxide at this time makes the ultrafine particle 3 of titanium oxide 
sinter, s erves as porosity , and has a big specific surface area . Moreover, the coloring matter 4 as a 
sensitizer adsorbs as indicated by Heimer, T.A., etc. also in 5319 or Inorg.Chem., Vol.35, and P. 1996, 
the electron excited by the visible absorption of light is poured in to titanium oxide, and the increase in a 
photocurrent is achieved by the film 15 of such titanium oxide. Or in order to suppress generating of the 
crack to the film of titanium oxide as indicated in 430 or Chem.Mater. [ by V.Shklover etc. ], Vol.9, and 
P. 1997, the polyethylene glycol is distributed by water in the case of production of the film of titanium 
oxide. Furthermore, it is used in order that a polyethylene glycol may obtain the film of the porous 
titanium oxide to which the aperture was equal as indicated by JP,8-99041,A. That is, in the sol of the 
titanium oxide formed of hydrolysis of a titanium alkoxide, at the temperature of 600-700 degrees C, it 
heats and calcinates and the film of the titanium oxide as a photocatalyst is obtained with the 
polyethylene glycol. Consequently, the film of titanium oxide turns into a film of the titanium oxide of 
the porosity which has a desired size and the opening of density according to the molecular weight and 
the addition of a polyethylene glycol. 
[0004] 

[Problem(s) to be Solved by the Invention] The sensitizer is not necessarily sticking to the film of 
titanium oxide just because the film of the titanium oxide indicated by the above-mentioned U.S. Pat. 
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No. 5,350,664 specification becomes porosity and it has a big specific surface area. When it has 
structure with the very precise film 1 5 of the titanium oxide of the porosity on a substrate 1 as shown in 
drawin g 1 , generally it sticks to large coloring matter 4 as a sensitizer only at the surface section of the 
film 15 of titanium oxide, and is hard to invade up to the interior of the film. Consequently, a limitation 
arises in the amount of adsorption of a sensitizer which participates in a photoelectrochemical reaction, 
and a limitation is also given to the performance of a photoelectric cell. 

[0005] On the other hand, if above-mentioned JP,8-99041,A is referred to, the film of porous titanium 
oxide is obtained by heating baking of the sol of titanium oxide, and if it can carry out things, it is 
indicated. However, manufacture of the sol of this titanium oxide needs the various processes of the 
suspension to the water of the titania of an ultrafine particle, hydrolysis of a titanium alkoxide, etc. 
Moreover, the temperature of the above-mentioned heating baking is comparatively hot 600-700 degrees 
C, has thermal influence on components other than the film of the titanium oxide which constitutes an 
electrode, and has a possibility of reducing the quality. 

[0006] Then, this invention aims at offering the photoelectric cell equipped with the cathode electrode 
by which the film of titanium oxide can adsorb a big molecule as mostly as possible with high quality. 
[0007] 

[Means for Solving the Problem] It was made in order that this invention might solve the above- 
mentioned technical problem, and it is a photoelectric cell equipped with the cathode electrode which 
has the sensitizer which stuck to the transparent substrate, the transparent electrode arranged on the 
aforementioned substrate, the film of the titanium oxide prepared on the aforementioned transparent 
electrode, and the film of the aforementioned titanium oxide, and the film of the aforementioned 
titanium oxide is in the photoelectric cell characterized by to have at least one opening of 10-400nm of 
diameters. 
[0008] 

[Embodiments of the Invention] Hereafter, the gestalt of operation is explained, referring to the drawing 
of appending of this invention. In addition, the same sign shall be given to a same or considerable 
portion among the drawing referred to below. Drawing 2 is the outline block diagram having shown 1 
operation gestalt of the photoelectric cell of this invention. Fundamentally, in this photoelectric cell, an 
anode electrode and a cathode electrode keep an interval and are held in the container. In the container, 
the electrolyte with the oxidation reduction nature by which tetrapod propyl ammonium iodide and 
iodine melted into the mixed solvent of ethylene carbonate and an acetonitrile is contained, and it is in 
contact with the anode electrode and the cathode electrode. An anode electrode and a cathode electrode 
are ITO (indium stannic-acid ghost) supported on the transparent glass substrate , respectively. It has a 
transparent electric conduction film and is constituted. The transparent electric conduction film of each 
electrode is connected to the load through lead wire. 

[0009] On the transparent electric conduction film of a cathode electrode, substantially, as the film of 
transparent anatase type titanium oxide has at least one opening, it is prepared at the light. Dr awing 3 
shows two desirable operation gestalten of the film of this titanium oxide. If the film 5 of this titanium 
oxide is explained with reference to drawin g 3 (A), although the opening 6 of the film of this titanium 
oxide is porosity as shown in dra win g 1 which referred to previously and was explained, it is larger than 
that of the film of conventional titanium oxide which has precise structure. If the film 5 of titanium 
oxide has the large opening 6 in this way, many sensitizers can be made to adsorb rather than the film of 
conventional titanium oxide. In addition, for a reference number 1 , as for a transparent electric 
conduction film and 3, in dra wing 3 , a substrate and 2 are [ the ultrafine particle of titanium oxide and 
4 ] coloring matter. 

[0010] Suitably, the size of the path of the opening formed in the film of this titanium oxide is 
submicron order about 10-400nm or less. When the size of the path of an opening is smaller than about 
lOnm, it becomes smaller than the coloring matter molecule of a sensitizer, and adsorption to the interior 
of the film of titanium oxide becomes impossible. Moreover, if the size of the path of the opening is 
larger than about 400nm, the light will be scattered and it will become that it is hard to make the light 
reach a sensitizer. That is, in the case of the latter, the sensitizer which cannot contribute to a 
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photoelectrochemical reaction, without the light being unabsorbable comes to exist. 
[001 1] If incidence is carried out to the cathode electrode of the photoelectric cell constituted like the 
publication to the above as the light is shown to the photoelectric cell of drawin g 1 by the arrow, many 
sensitizers will absorb the light from the conventional photoelectric cell. At this time, a sensitizer 
generates more electrons which have energy higher than the minimum energy of the conduction band of 
titanium oxide, and electron holes which have low energy rather than the minimum energy of the 
valence band of titanium oxide than before. And such an electron is poured in to the film of titanium 
oxide, and an electron hole is poured into an electrolyte. With this operation gestalt, the electron and 
electron hole which were poured in have increased conventionally. Therefore, the number of current of 
the electrons which pass along the lead wire of the photoelectric cell of illustration, i.e., the amount of a 
photoelectric cell, increases from conventional it. 

[0012] Moreover, as shown in drawin g 3 (B), as for the opening 6 of the film 5 of titanium oxide, it is 
desirable that it is the configuration of the through hole which pierces through the film. It is because the 
applied sensitizer is considered to be in the inclination to be easy to infiltrate into each titanium oxide 
film through an opening, and for further more much titanium oxide to be adsorbed compared with a 
single titanium oxide film when two or more laminatings of the film of titanium oxide with such a 
through hole are carried out. In this case, it is considered that a photoelectric cell can make a 
photoelectrical flow rate increase further according to the number of the films of the titanium oxide 
which has a through hole. 

[0013] On the glass substrate with which the transparent electrode was formed beforehand, below, as the 
film of the titanium oxide of the above-mentioned operation gestalt is indicated, it is produced. 
Fundamentally, the film of titanium oxide is produced from the alcoholic solution of a titanium 
alkoxide. At this time, the reaction inhibitor which suppresses hydrolysis of a titanium alkoxide is added 
to an alcoholic solution. As for this reaction inhibitor, it is desirable that they are glycols, such as 
diketones, such as amides, such as alcoholic amines, such as the (i) monoethanolamine, a 
diethanolamine, and a triethanolamine, the (ii) formamide, a dimethyl amide, and an acetyl amide, and 
an acetylacetone (iii), or (iv) ethylene glycol, and a diethylene glycol. Furthermore, in order to obtain the 
film of the titanium oxide which has an opening, it is desirable to add polyethers which have the 
molecular weight of 2000-20000, such as a polyethylene glycol and a polypropylene glycol, to the 
above-mentioned solution. 

[0014] Thus, the prepared solution can be coated on a substrate by the coating methods, such as the spin 
coating method, the DIP coating method, or a spray method, without understanding an added water part 
like before. Consequently, shortening of a production process can be attained. And although a substrate 
is conventionally calcinated in oven at 450-degree-C or more low [ less than 600 degree-C ] temperature 
in order to suppress the influence of the substrate by heat, this invention persons have found out that the 
film of the titanium oxide which has the anatase type crystal structure can be formed also in this time. 
Furthermore, it also found it as usual also in this case that the portion occupied by polyethers in the 
solution forms space by destruction by fire of polyethers. Consequently, it found out that the film of the 
titanium oxide which has the opening of the request according to the size of polyethers also in the 
process of the above low temperature, and the film of the titanium oxide which has the detailed opening 
suitably controlled by submicron order could be obtained. Production of the film of the titanium oxide 
made in this way can suppress thermal influence to components other than the film of the titanium oxide 
which constitutes an electrode, and can aim at improvement in the quality. 
[0015] 

[Example] this invention cannot be overemphasized by not being limited to this although this invention 
is hereafter explained according to an example. 

The glass substrate with which the transparent electrode of ITO was prepared in production **** of the 
film of example 1 titanium oxide and the front face was prepared. Next, 15g titanium tetraisopropoxide 
was added to the ethanol of lOOmL (milliliter), and the 5g triethanolamine was further added as an 
reaction inhibitor. Next, the polyethylene glycol of molecular weight 2000 was added to this ethanol 
solution. At this time, the addition of a polyethylene glycol was changed into 0.5g, 0.75g, and l.Og, and 
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three kinds of ethanol solutions were prepared. 

[0016] Next, each ethanol solution was applied by 0.08 micrometers of thickness by the spin coating 
method on the glass substrate prepared previously, without understanding an added water part like 
before. And it put into oven, and finally it had at the low temperature of 450 degrees C of lows 
conventionally, and the glass substrate after applying each ethanol solution was heated and calcinated. 
The film of titanium oxide was formed on each glass substrate. 

[0017] The scanning electron microscope (SEM) investigated whether next the opening (pore) would be 
formed in the film of each titanium oxide obtained by doing in this way. The photograph which 
observed the structure of the titanium oxide film which added and produced the 0.75g polyethylene 
glycol by SEM is shown in drawing 4 . According to this photograph, it turns out that the opening is 
formed in a titanium oxide film. Moreover, when the size of an opening was measured with the atomic 
force microscope (AFM), it was checked that the opening of 60nm of average pore size is formed in the 
film of the titanium oxide which consists of a titanium oxide particle whose mean particle diameter is 
about 30nm. Furthermore, although not illustrated, when the additions of a polyethylene glycol were 
0.5g and 1 .0g, it was checked that the size of an opening is almost the same as the above. Although not 
similarly illustrated further again, the measurement result of the cross section by AFM showed that the 
opening had penetrated the film of titanium oxide. 

[0018] When the amount (g) of the added polyethylene glycol and the relation with the surface pulse 
duty factor (%) of pore were investigated next, as shown in drawin g 5 , it was checked that the surface 
pulse duty factor of pore is proportional to the amount of a polyethylene glycol. Moreover, even if it was 
a low-temperature baking process from the former as a result, it turns out that the number of the 
openings formed in the film of titanium oxide is controllable according to the amount of a polyethylene 
glycol. 

[0019] Moreover, the light-transmission property was also investigated. The transparency spectrum I of 
the light which penetrates the film of transparent titanium oxide by single porosity through a glass 
substrate and a transparent electrode is shown in drawin g 6 . the transparency spectrum II of the light 
which passes along glass (tradename: - commercially available from Corning 7059 and Corning, Inc.) 
transparent to a light field with the absorption end by reference in 300nm is also shown Although both 
have different permeability a little in the 450-650nm wavelength field, by except [ it ], it has the same 
transparency spectrum substantially, so that I may be understood from these transparency spectrum 
views. Therefore, the film of titanium oxide was optically smooth and it was checked that dispersion of 
the light in an opening can be suppressed. 

In the ethanol solution used in the production example 1 of the film of an example titanium dioxide, 
except that molecular weight added 0.5g of polyethylene glycols of 2000, 6000, or 20000, it is the same 
method as substantially as an example 1 , and the film of titanium oxide was produced. 
[0020] And when the existence of the opening of the film of each obtained titanium oxide was checked 
by SEM and the size of an opening was measured by AFM, the same result as the case of an example 1 
was obtained. Moreover, when the molecular weight of a polyethylene glycol and the size (pore size) of 
an opening which were added were investigated, as shown in drawin g 7 , it was checked that the size of 
an opening is proportional to the molecular weight of a polyethylene glycol. Consequently, before 
showed that the size of the absentminded spare time of the film of titanium oxide was controllable by 
molecular weight of a polyethylene glycol, even if it was a low-temperature baking process. 
In order to use it as production **** of example 3 photoelectric cell, and an anode electrode, the glass 
substrate which was able to prepare the transparent electrode of ITO beforehand was prepared. 
Moreover, the cathode electrode was flooded with the solution containing a sensitizer in the film of the 
titanium oxide of an example 1, made the sensitizer adsorb and was obtained. At this time, N.N- 
dimethylformamide (DMF) was used as a solvent as a sensitizer using the ruthenium complex expressed 
with a SHISU-(SCN)2-screw (- bipyridyl -4 and 2 and 2'4'-dicarboxy rate) ruthenium (II). 
[0021] Next, the electrolyte of oxidation reduction nature was held in the transparent container. At this 
time, that in which 0.5 mols tetrapod propyl ammonium iodide and 0.04-mol iodine melted into the 
solvent which mixed the ethylene carbonate of 80 capacity % and the acetonitrile of 20 capacity % as an 
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electrolyte was used. Then, the interval has been opened and arranged in the container which held the 
electrolyte for the anode electrode and the cathode electrode, and the electrolyte was made to contact. 
The crevice where an anode electrode and a cathode electrode confront each other is about 40 
micrometers, and is that an electrolyte is poured into the crevice, and the photoelectric cell completed it. 
[0022] Thus, measuring a photoelectrical flow rate estimated the performance of the obtained 
photoelectric cell. That is, the incandescent lamp was irradiated at the obtained photoelectric cell, and 
the photoelectrical flow rate which flows photoelectrical Ikeuchi was measured, the photocurrent, i.e., 
the ratio, to a photocurrent when the cathode electrode which equips drawing 8 with the film (it 
described above) of the precise porosity titanium oxide produced by the conventional sol gel process is 
used for a photoelectric cell - the amount of current is shown by the graph I am understood from the 
graph of illustration as — a ratio - the amount of current was about 2 Consequently, it turns out that 
the desired existence of an opening and the desired size which are formed in the film of titanium oxide 
contribute to the performance of a photoelectric cell very much. 

Operation of a publication was repeated in the example l and the cathode electrode which has the film 
of the transparent titanium oxide made from two-layer and the five-layer layer of titanium oxide was 
produced so that a sensitizer might be made to adsorb mostly rather than the case where the film of the 
production titanium oxide of the photoelectric cell which has the film of example 4 multilayer titanium 
oxide is an example 3. 

[0023] And the cathode electrode of the photoelectric cell of an example 3 was transposed to each of the 
cathode electrode produced by this example, and the same measurement as an example l was 
performed, in this example, it is shown in the graph of drawing 8 - as - the number of layers of the film 
of titanium oxide — it is proportional - a ratio — it turns out that the amount of current is increasing 
Therefore, according to the increase in the number of layers of the film of titanium oxide, the amount to 
which the sensitizer which contributes to a photoelectrochemical reaction sticks also increased, and it 
became clear that the performance of a photoelectric cell improves. 
[0024] 

[Effect of the Invention] As explained above, according to this invention, the photoelectric cell equipped 
with the cathode electrode by which the film of titanium oxide can adsorb a big molecule as mostly as 
possible with high quality can be offered. 



[Translation done.] 
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